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<54) Molecules interacting with apoptin 

(57) The invention relates to activation of apoptosis 
by means of interference of Hou-like and/or IFP35-like 
compounds. 

Also the invention relates to anti-tumor therapies 
with compounds, which negatively interfere with Hou- 
like and/or IFP35-!ike compounds leading to induction 
of apoptosis, resulting in the elimination of tumor cells. 

Also the invention relates to therapies for diseases 
related to aberrant apoptosis induction, such as auto- 
immune disease. 

Also the invention describes the diagnosis of cells, 
which are susceptible to apoptin- or apoptin-like 
induced apoptosis. 
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new treatments and diagnosis for diseases related with aberrancies in the apoptotic process, such as cancer and auto- 
immune diseases. 

[0013] Proteins found associating with apoptin include members of the family of Nmi/Hou-like and IFP-likB proteins. 
[001 4] Thus the invention provides a recombinant and/or isolated nucleic ackJ molecule encoding at least a functional 
5 part of a merrtber of the family of Nmi-like proteins or at least a functional part of a member of the family of Hou-like 
proteins or at least a functional part of a member of the family of IFP35-like proteins for use in the induction of apoptosis 
in a population of cells related to a pathological condition. 

[001 51 As explained herein the expression of Hou is connected to oncogenes and has been found to be high in certain 
transformed cells. These are typically the cells that can be induced to go into apoptosis by apoptotic agents such as 

io apoptin. Typically providing a cell with Hou-like activity will therefor increase the chance of inducing apoptosis in such 
a cell. IFP35-like proteins are involved in transporting apoptotic substances to the nucleus of cells. Under influence of 
for instance interferons these proteins localize in the nucleus. Therefor IFP-like activity is used to get apoptirHike activity 
into the nucleus, which is irrportant for the induction of apoptosis, for instance through Hou-like proteins. The Hou-like 
activity or Nmi-like activity is defined herein as any molecule capable of exerting the sanme or a similar function as the 

is original Hou-like (Nmi-like) protein. The same definition goes for IFP-activity. Typically such a molecule can be encoded 
by a nucleic acid molecule which comprises at least a functional and specific part of the sequence of figure 1 , 2, 4 or 5 
or encoding an amino sequence of figure 6 or a sequence at least 60, preferably 70, preferably 90 % homologous with 
said functional and specific sequence or comprising a sequence hybridizing to any of the aforegoing sequences under 
stringent conditions. In order to be able to express the Hou-like activity and/or the IFP-like activity it is preferred to have 

20 an expression vector encoding said activity. Expression vectors are nucleic acid molecules which can be brought into 
cells, or transfect cells themselves and which have the machinery (together with the machinery of the host cell) to 
express proteins encoded on the expression vector when present in a cell. 

[0016] It is preferred that cells which are provided, according to the invention, with Hou-like activity and/or IFP-like 
activity, are also provided with apoptosis inducing activity, preferably apoptin-like activity, which is defined along the 

25 same lines as Hou-like activity. In order to get the activity into the cells in which apoptosis has to be induced it is possible 
and preferred to use a gene delivery vehicle. A gene delivery vehicle is a means to transport a nucleic acid molecule 
capable of expressing the wanted activity in a host cell into said host cell. Gene delivery vehicles are known in the art. 
They include for instance recombinant viruses such as adenoviruses and retroviruses, but also non-viral vehicles such 
as polymers and liposomes have been suggested. Methods of targeting gene delivery vehicles to target cells are also 

30 known in the art and need not be elaborated herein. The invention also provides the newly identified molecules them- 
selves, both the nucleic acid molecules (meaning DNA coding and/or non coding strands as well as RNA) and the pro- 
teinaceous molecules (peptides, polypeptides, glycoproteins and associations between prtoeins and RNA's and the 
like). Based on the given sequences other familymembers of the Hou/Nmi and IFP families will be identified having the 
same or similar function. Typically such molecules will have high homology to the sequences given herein. 

35 [0017] For nucleic acid molecules the homology is exppected to be at least 60, preferably 70, more preferably 80%. 
therewith. 

[0018] These nucleic acid molecules can of course again be incorporated into expression vectors as mentioned here- 
inbefore. Preferably these expression vectors also encode apoptotic activity, preferably apoptin or a functional fragment 
and/or equivalent thereof. 

40 [001 9] These expression vectors can again be made into gene delivery vehicles. 

[0020] The invention also provides the recombinant or isolated proteinaceous substance comprising at least a func- 
tional part of a member of the family of Nmi/Hou-like proteins or at least a functional part of a member of the family of 
Hou-like proteins for use in the induction of apoptosis in a population of cells related to a pathological condition and an 
Nmi/Hou-like proteinaceous substance having at least a functional and/or specific part of the sequence of figure 3 or 

45 being encoded by a functional and/or specific part of the sequence of figure 1 or figure 2 or being at least 60. preferably 
70, preferably 80% homologous to at least a functional and/or specific part of the sequence of figure 3 or being at least 
6o! preferably 70, preferably 80% homologous to a protein encoded by at least a functional and/or specific part of the 
sequence of figure 1 or figure 2 and an IFP35-like proteinaceous substance having at least a functional and/or specific 
part of the sequence of figure 6 or 7 or being encoded by a functional and/or specific part of the sequence of figure 4 

so or figure 5 or being at least 60, preferably 70, preferably 80% homologous to at least a functional and/or specific part of 
the sequence of figure 6 or 7 or being at least 60, preferably 70, preferably 80% homologous to a protein encoded by 
at least a functional and/or specific part of the sequence of figure 4 or figure 5. 

[0021] A functional part in this document means having the same or similar activity (although the amount of activity 
may differ) A specific part herein means a part of sufficient size to be specific for the protein or nucleic acid or to be of 
55 sufficient size to distinguish the protein from another protein immunologically. The proteins disclosed herein can for 
instance also be used to identify further components of the apoptotic pathway. 

[0022] The reason for bringing IFP-like activity and/or Hou-like activity together with apoptotic activity is of course to 
induce aberrant cells to go into apoptosis. Thus the invention also provides a method for inducing apoptosis in cells 
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GAL4-activation domain-tagged cDNA library 

[0043] The expression vector pACT, containing the cDNAs from Epstein-Barr-virus-transtormed human B cells fused 
to the GAL4 transcriptional activation domain, was used for detecting apoptin-associating proteins. The pACT c-DNA 
Ibrary is derived from the lambda-ACT cDNA library, as described by Durfee et al. 1 993. 

Bacterial and Yeast strains 

[0044] The E.coli strain JM109 was the transformation recipient for the plasmkJ pGBT9 and pGBT-VP3. The bacterial 
strain electromax/DH10B was used for the transformation needed for the recovery the apoptin-associating pACT- 
cDNAs, and was obtained from GIBCO-BRL. USA. 

[0045] The yeast strain Y190 was used for screening the cDNA library, and all other transformations which are part 
of the used yeast-two-hybrid system. 

Media 

[0046] For drug selections Luria Broth (LB) plates for E.coli were supplemented with ampicillin (50 microgram per ml). 
Yeast YPD and SC media were prepared as described by Rose et al. (1990). 

Transformation of competent yeast strain Y1 90 with plasmids pGBT-VP3 and pACT-cDNA and screening for 
beta-galactosidase activity. 

[0047] The yeast strain Y1 90 was made competent and transformed according to the methods described by KJebe et 
al. (Klebe et al. , 1 983). The yeast cells were first transformed with pGBT-VP3 and subsequently transformed with pACT- 
cDNA, and these transformed yeast cells were grown on histidine-minus plates, also lacking leucine and tryptophan. 
[0048] Hybond-N filters were layed on yeast colonies , which were histidine-posrtive and allowed to wet completely. 
The filters were lifted and submerged in Iquid nitrogen to permeabilize the yeast cells. The filters were thawed and layed 
with the colony side up on Whattman 3MM paper in a petridish with Z-buffer (Per liter: 16.1 gr f^HPO^THfeO, 5.5 gr 
NaH 2 P0 4 .H20. 0.75 gr KCI and 0,246 gr MgS0 4 .7H 2 0, pH 7.0) containing 0.27% beta-mercapto-ethanol and 1 mg/ml 
X-gal. The filters were incubated for at least 15 minutes or during night 

Recovery of plasmids from yeast 

[0049] Total DNA from yeast cells, which were histidine- and beta-galactosidase-positive, was prepared by using the 
glusulase-alkaline lysis method as described by Hoffman and Winston (1987) and used to transform Electro- 
max/DH10B bacteria via electroporation using a Bio-Rad GenePulser according the manufacturer's specifications. 
[0050] Transfer mants were plated on LB media containing ampicillin. 

Isolation of apoptin-associating pACT clones 

[0051] By means of colony-filter assay the colonies were lysed and hybridized to a radioactive-labeled 17-mer oli- 
gomer, which is specific for pACT (see also section Sequence analysis). 

[0052] PlasmkJ DNA was isolated from the pACTclones, and by means of Xho l digestion analysed for the presence 
of a cDNA insert. 

Sequence analysis 

[0053] The subclones containing the sequences encoding apoptin-associating proteins were sequenced using dide- 
oxy NTPs according to the Sanger method which was performed by Eurogentec. Nederiand BV (Maastricht, The Neth- 
erlands). The used sequencing primer was a pACT-specific 17-mer comprising of the DNA-sequence 5*- 
TACCACTACAATGGATG-3*. 

[0054] The sequences of the apoptin-associating proteins were compared with known gene sequences from the 
EMBL/Genbank. 

Results and discussion 

[0055] Apoptin induces specifically apoptosis in transformed cells, such as cell lines derived from human tumors. To 
identify the essential compounds in this cell-transformation-specif ic and/or tumor-specific apoptosis pathway, a yeast 
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Nmi, or Hou will be interchangeably used. 

[0070] In this respect, the pattern of Nmi expression is interesting, since it is expressed at low levels in normal tissues, 
in contrast to its high levels of expression in transformed cell lines. Among eight cancer lines tested, highest levels were 
observed in four leukemia ceil lines (Bao and Zervos, 1996). 
5 [0071] In leukemias, a high expression of C-myc correlates with a high level of Nmi (HL-60, K562 and MOLT-4). The 
Nmi gene is located on chromosome 22, which is also involved in the t (9;22) translocation leading to the Bcr-Abl fusion 
protein, as seen in some leukemias (Rabbits, 1991, Sawyers and Deny, 1994). 

[0072] Using a yeast genetic screen, Nmi was identified as a protein that binds to N-myc and C-myc. Myc proteins 
are important in the regulation of cell proliferation and differentiation. Together with ras or raf, myc can transform pri- 

io mary cells in culture. Nmi/Hou-like proteins will up-regulate the activity of Myc proteins via binding to them. 

[0073] Up-regulation of Myc proteins has been described for Burkitt lymphomas, neuroblastomas and small cell lung 
carcinomas. Myc proteins contain a basic region, a helix-loop-helix (HLH) and a leucine zipper (Zip), and form homo-or 
heterodimers that can bind to specific DNA sequences and regulate transcription. Myc also forms heterodimers with 
Max. Myc/Max heterodimers activate transcription, whereas Max homodimers repress transcription, thus antagonizing 

is Myc's function (Evan and Littlewood, 1993). 

[0074] Nmi was found to interact with N-myc, c-myc. Max, Mxi1 and other transcription factors that have HLH and/or 
Zip motifs. Interaction with N-myc and C-myc was confirmed by co-precipitation experiments (Bao and Zervos, 1996). 

Induction of apoptosis through interference with the function of Nmi/Hou-like proteins. 

20 

[0075] Our results indicate that apoptin can change the Nmi/Hou-like-mediated proliferation (transformatiorrtumor- 
formation) activity into a Nmi/Hou-like-mediated apoptotic activity. Remarkably, this Nmi/Hou-like-mediated apoptotic 
activity will be specific for transformed/tumor cells, due to the very high level of Nmi/Hou in transformed cells in combi- 
nation with over-expression of (proto-Joncogenes, such as Myc. 
25 [0076] By means of transient transfection assays, it was shown that over-expression of the determined Hou-like pro- 
tein (see Fig. 3) and apoptin did result in induction of apoptosis in normal VH10-, VH25-f ibroblasts. In contrast to normal 
fibroblasts which over-expressed only apoptin. This result indicates that Hou-like proteins are an important factor in 
(apoptin-induced) apoptosis. 

[0077] The presented data imply that interference with the function of Nmi/Hou-like proteins resulting in apoptosis can 
30 be used as a specific anti-tumor therapy, or therapies of related diseases, such as auto-immune diseases. 

Characteristics of the apoptin-associating protein IFP35 

[0078] The other apoptin-associating protein is IFP35, which is an irrterferon( I FN) -induced leucine zipper protein of 
35 282 a.&, and has an apparent molecular mass of 35 kD. It was isolated by differential screening from HeLa ceHs that 
had been treated with IFN-y (Bange et al., 1994). 

[0079] IFP35 mRNA could be induced by IFN-y in different human cell types, including fibroblasts, macrophages, and 
epithelial cells. It has a leucine zipper motif at the N-terminus, but it lacks an adjacent basic domain required for DNA 
binding. It has been suggested that these types of proteins negatively regulate bZIP transcription factors by forming 
40 non-functional heterodimers. IFP35 was shown to form homodimers (Bange et al., 1994). 

Induction of apoptosis by interference of IFP35 in combination with Hou/Nmi-like proteins. 

[0080] IFP35 is found in the cell nucleus, after interferon treatment and is expressed in a wide variety of cell types 
45 including fforoblasts. macrophages and epithelial cells (Bange et al., 1994). 

[0081] In general, virus infections trigger interferon production. It is likely that a CAV infection and/or expression of 
apoptin will result in interferon up-regulation, which might result in the translocation of IFP35 or IFP3S-like proteins into 
the nucleus. IFP35 will transport apoptin also to the nucleus, due to its association. 

[0082] tt seems likely that if apoptin is transported into the nucleus by IFP35 it will be able to associate with the IFP35- 
so homologous region within Hou/Nmi-iike proteins. This association will cause an aberrant regulation of Hou/Nmi-regu- 
lated genes, such as the oncogene Myc. Subsequently, the cells over-expressing Nmi/Hou-like proteins and onco- 
genes, such as Myc will undergo apoptosis. 

[0083] Experimental evidence for IFP35 as an essential factor in (apoptin) apoptosis induction was derived from the 
following experiments. Normal VH10 cells over-expressing Hou/Nmi, IFP35 and apoptin underwent faster apoptosis 
55 than normal VH10 cells expressing Hou/Nmi and apoptin. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Leadd B.V. 

(B) STREET: Wassenaarseweg 72 

(C) CITY: Leiden 

(D) STATE: Zuid-Holland 

(E) COUNTRY: the Netherlands 

(F) POSTAL CODE (ZIP) : 2333 AL 

(ii) TITLE OF INVENTION: Novel molecules involved in 
apoptotic 

pathways . 
(iii) NUMBER OF SEQUENCES: 14 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version 
#1.30 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 97203781.6 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

( D ) TOPOLOGY : unknown 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1: 

TACCACTACA ATGGATG 
17 

(2) INFORMATION FOR SEQ ID NO : 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 658 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

( D ) TOPOLOGY : unknown 

(ii) MOLECULE TYPE: DNA (genomic) 
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(ix) FEATURE : 

(A) NAME/ KEY : misc_f eature 

(B) LOCATION: 89. .716 
(D) OTHER INFORMATION: /label= N 

/note= ""N" stands for unknown." 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CGGAGTTACA AGAGGCTACC AAAGAATTCC AGATTAAAGA GGATATTOCT 
GAAACAAAGA 60 

TGAAATTCTT ATCAGTTGAA ACTCCTGANA ATGACAGCCA GTTGTCAAAT 
ATCTCCTGTT 12 0 

CGTTTCAAGG TGAGCTCGAA AGTTCCTTAT GAGATACAAA AAGGACAATG 
CACTTATCAC 180 

CTTTGAAAAA GGAAGAAGTT GCTCAAAATG TGNGTAANGC ATGAGTAAAC 
ATCATGTACA 240 

GATAATAAGA TGTAAATCTG GAGGTTACGG CCAAAGCCAA GTTCCATTAA 
TATTCAAGGA 300 

GTCANGATTC CAGNGTTTAT GCTAGAANGT TTCTAAAAAT GANAATCAAT 
GGTTACTGGA 3 60 

AATTCCTGGA CACATTGCGN TGAAAGATCA AGATGACGAA GACAAACTAA 
GAAGCTGAGC 42 0 

TTTTCAAAAG TCCCGAAANA TGGAAGAGCG GTAGAGGGTG GNACCGCGTG 
NGANCTATGA 480 

CAAGACAAGN CCGGGGAAGN TGCAGTCCAT CACGTTTGTN NGAAGATTGG 
ANGTNGGCTG 540 

35 ACCAANGAAT TTTGAAAAAG GAGANGAATT ACCCCTCTTT ANGAGTAANA 

TCAAAACCCT 600 

GCCATAANAA GTTNACTGGT TTCNCCCATT ACACAGNANT TACANNTTGA 
NCAANANTAN 660 

40 NCAGGATAAT TTNCAGGGGA ANAATCTNAA GNATGGCAAG NTGACTTCTG 

GACAANGGT 719 

(2) INFORMATION FOR SEQ ID NO : 4 : 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 0 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 



20 



25 



30 



50 



(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 



55 
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10 



180 185 

190 

Gly Arg Arg Arg Cys Gly Pro Arg Gly Thr Met Thr Asp 
Ser Pro Gly 

195 200 205 

Val Gin Ser Ser Arg Leu Val Glu He Gly Ser Gly 
210 215 220 

(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 307 amino acids 
is (B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY : unknown 

(ii) MOLECULE TYPE: protein 
20 (iii) HYPOTHETICAL: NO 



35 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5: 

Met Glu Ala Asp Lys Asp Asp Thr Gin Gin He Leu Lys 
Glu His Ser 

1 5 10 

15 

30 

Pro Asp Glu Phe He Lys Asp Glu Gin Asn Lys Gly Leu 
He Asp Glu 

20 25 

30 

He Thr Lys Lys Asn He Gin Leu Lys Lys Glu He Gin 
Lys Leu Glu 

35 40 45 

Thr Glu Leu Gin Glu Ala Thr Lys Glu Phe Gin He Lys 
40 Glu Asp He 

50 55 60 

Pro Glu Thr Lys Met Lys Phe Leu Ser Val Glu Thr Pro 
Glu Asn Asp 

65 70 75 

80 

Ser Gin Leu Ser Asn He Ser Cys Ser Phe Gin Val Ser 
Ser Lys Val 

85 90 

95 

Pro Tyr Glu He Gin Lys Gly Gin Ala Leu He Thr Phe 
Glu Lys Glu 



45 



50 



55 



BN<v>or:in- <ep 0921192A1 i > 
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305 

(2) INFORMATION FOR SEQ ID NO: 6: 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 659 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

10 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 



75 (ix) FEATURE: 

(A) NAME/ KEY : misc__f eature 

(B) LOCATION: 189 . . 657 

(D) OTHER INFORMATION: /label- N 

/note= stands for unknown." 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

AGCAGGTGCT GCAACAAAAG GAGCACACGA TCAACATGGA GGAGTGCCGG 
CTGCGGGTGC 60 

25 

AGGTCCAGCC CTTGGAGCTG CCCATGGTCA CCACCATCCA GGTGTCCAGC 
CAGTTGAGTG 120 

GCCGGAGGGT GTTGGTCACT GGATTTCCTG CCAGCCTCAG GCTGAGTGAG 
GAGGAGCTGC 180 

30 

TGGACAANCT ANAGATCTTC TTTGGCAAGA CTAGGAAGGG AGGTGGCNAT 
GTGGACNTTC 240 

GGGANCTACT GCCAGGGANT GTCATGCTGG GGTTTGCTAG GGATGGAGTG 
3S GCTCANCGTC 3 00 

TGTGCCAAAT CGGCCATTTC ACAGTGCCAC TGGGTGGGCA GCANGTCCCT 
CTGAGAGTCT 360 

CTCCGTATGT GAATGGGGAN ATCCAGANGG CTGANATCAG GTCNCAGCCA 
40 NTTCCCCGCT 420 

CGGTACTGGT GCTCAACATT CCTGATATCT TGGATGGCCC GGAOCTCCAT 
GACGTCCTGG 480 

ANATCCACTT CCAGAANCCC ACCCGCGGGG GCGGAGATGT AAGACGCCCT 
45 GACAGTCGTA 540 

CCCCAAGGAC AACAGGGCCT AACAGTCTTC ACCTCCTGAA TCAAGGCTAN 
GGGCCTCCCC 600 

CTTCTCATCC TCCCCACCCC CCCCGCCAAA GGTTCTCAAN ACTGGGCCTG 
50 GGCTTTNTG 659 

(2) INFORMATION FOR SEQ ID NO : 7: 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: UNA (genomic) 
(iii) HYPOTHETICAL: NO 



10 (ix) FEATURE: 

(A) NAME/KEY: misc — feature 

(B) LOCATION: 182. .626 

(D) OTHER INFORMATION: / label = N 

/note= nn N" stands for unknown." 

15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GGATCCACTG CCCTCTGCTT GCGGGCTCTG CTCTGATCAC CTTTGATGAC 
CCCAAAGTGG 60 

20 CTGAGCAGGT GCTGCAACAA AAGGAGCACA CGATCAACAT GGAGGAGTGC 

CGGCTGCGGG 120 

TGCAGGTCCA GCCCTTGGAG CTGCCCATGG TCACCACCAT CCAGGTGATG 
GTGTCCAGCC 180 

25 

ANTTGAGTGG CCGGAGGGTG TTGGTCACTG GATTTCCTGC CAGCCTCAGG 
CTGANTGAGG 240 

AGGAGCTGCT GGACAAGCTA TGAGATCTTC TTTGGCAANA CTANGAACGG 
ANGTGGCGAT 300 

30 

GTGGACGTTC GGGAGCTACT GCCAGGGAGT GTCATGCTGG GGTTTGCTAC 
GGATGGAGTG 360 

GCTCAGCGTC TGTGCCAAAT CGGC CAGTTC ACAAGTGCCA CTGGGTGGGC 
AGCAAGTCCC 420 

TCTGAGAGTC TCTCCGTATG TGANTGGNGA GATCAGAATG CTGANATTAA 
GTCGCATCCA 480 

ATTCCTCGCT CNGGTACTGG TGCTCANNAT CCTGANATCT TGGATTGGCC 
40 CCNGANTNCA 540 

TGANATCTGG NAGATTCAAT TNCANAAGTC CANCCNNCNG NGNCGGGAAG 
TANANGCCCG 600 

ANANTTCNTN NCNTANGGNC AGCANNGCCT G 
45 631 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 138 amino acids 
50 (B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 
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10 



15 



<ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Met Ser Ala Pro Leu Asp Ala Ala Leu His Ala Leu Gin 
Glu Glu Gin 

15 10 

15 

Ala Arg Leu Lys Met Arg Leu Trp Asp Leu Gin Gin Leu 
Arg Lys Glu 

20 25 

30 

Leu Gly Asp Ser Pro Lys Asp Lys Val Pro Phe Ser Val 
20 Pro Lys lie 

35 40 45 

Pro Leu Val Phe Arg Gly His Thr Gin Gin Asp Pro Glu 
Val Pro Lys 

50 55 60 

25 

Ser Leu Val Ser Asn Leu Arg lie His Cys Pro Leu Leu 
Ala Gly Ser 

65 70 75 

80 

30 

Ala Leu lie Thr Phe Asp Asp Pro Lys Val Ala Glu Gin 
Val Leu Gin 

85 90 

95 

35 Gin Lys Glu His Thr lie Asn Met Glu Glu Cys Arg Leu 

Arg Val Gin 

100 105 

110 

Val Gin Pro Leu Glu Leu Pro Met Val Thr Thr He Gin 
40 val Ser Ser 

115 120 125 

Gin Leu Ser Gly Arg Arg Val Leu Val Thr Gly Phe Pro 
Ala Ser Leu 

130 135 140 



45 



50 



Arg Leu Ser Glu Glu Glu Leu Leu Asp Lys Leu Glu He 
Phe Phe Gly 

145 150 155 

160 

Lys Thr Arg Asn Gly Gly Gly Asp Val Asp Val Arg Glu 
Leu Leu Pro 
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20 25 

30 

His Thr lie Asn Met Glu Glu Cys Arg Leu Arg Val Gin 
Val Gin Pro 

35 40 45 

Leu Glu Leu Pro Met Val Thr Thr He Gin Val Met Val 
Ser Ser Xaa 

50 55 60 

Leu Ser Gly Arg Arg Val Leu Val Thr Gly Phe Pro Ala 
Ser Leu Arg 

65 70 75 

80 

Leu Xaa Glu Glu Glu Leu Leu Asp Lys Leu Asp Leu Leu 
Trp Gin Xaa 

85 90 

95 

Xaa Glu Arg Xaa Trp Arg Cys Gly Arg Ser Gly Ala Thr 
Ala Arg Glu 

100 105 

110 

Cys His Ala Gly Val Cys Tyr Gly Trp Ser Gly Ser Ala 
Ser Val Pro 

115 120 125 

Asn Arg Pro Val His Lys Cys His Trp Val Gly Ser Lys 
Ser Leu Glu 

130 135 140 

Ser Leu Arg Met Xaa Xaa Arg Ser Glu Cys Xaa Val Ala 
Ser Asn Ser 

145 ISO 155 

160 

Ser Leu Xaa Tyr Trp Cys Ser Xaa Ser Xaa Leu Gly Leu 
Ala Pro Xaa 

165 170 

175 

Xaa Met Xaa Ser Gly Arg Phe Asn Xaa Xaa Ser Pro Xaa 
Xaa Xaa Xaa 

180 185 

190 

Gly Lys Xaa Xaa Pro Xaa Xaa Ser Xaa Xaa Xaa Xaa Ser 
Xaa Ala 

195 200 205 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 7 amino acids 

(B) TYPE : amino acid 
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Asp Leu Ser Leu Lys lie Pro Giu lie Ser lie Gin Asp 
Met Thr Ala 

165 170 

175 

Gin Val Thr Ser Pro Ser Gly Lys Thr His Glu Ala Glu 
He Val Glu 

180 185 

190 

Gly Glu Asn His Thr Tyr Cys He Arg Phe Val Pro Ala 
Glu Met Gly 

195 200 205 

Thr His Thr Val Ser Val Lys Tyr Lys Gly Gin His Val 
Pro Gly Ser 

210 215 220 

Pro Phe Gin Phe Thr Val Gly Pro Leu Gly Glu Gly Gly 
Ala His Lys 

225 230 235 

240 

Val Arg Ala Gly Gly Pro Gly Leu Glu Arg Ala Glu Ala 
Gly Val Pro 

245 250 

255 

Ala Glu Phe Ser He Trp Thr Arg Glu Ala Gly Ala Gly 
Gly Leu Ala 

260 265 

270 

He Ala Val Glu Gly Pro Ser Lys Ala Glu He Ser Phe 
Glu Asp Arg 

275 280 285 

Lys Asp Gly Ser Cys Gly Val Ala Tyr Val Val Gin Glu 
Pro Gly Asp 

290 295 300 

Tyr Glu Val Ser Val Lys Phe Asn Glu Glu His He Pro 
Asp Ser Pro 

305 310 315 

320 

Phe Val Val Pro Val Ala Ser Pro Ser Gly Asp Ala Arg 
Arg Leu Thr 

325 330 

335 

Val Ser Ser Leu Gin Glu Ser Gly Leu Lys Val Asn Gin 
Pro Ala Ser 

340 345 

350 

Phe Ala Val Ser Leu Asn Gly Ala Lys Gly Ala He Asp 
Ala Lys Val 
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Val Ala Lys Gly Leu Gly Leu Ser Lys Ala Tyr Val Gly 
Gin Lys Ser 

565 570 

575 

Ser Phe Thr Val Asp Cys Ser Lys Ala Gly Asn Asn Met 
Leu Leu Val 

580 585 

590 

Gly Val His Gly Pro Arg Thr Pro Cys Glu Glu lie Leu 
Val Lys His 

595 600 605 

Val Gly Ser Arg Leu Tyr Ser Val Ser Tyr Leu Leu Lys 
Asp Lys Gly 

610 615 620 

Glu Tyr Thr Leu Val Val Lys Trp Gly His Glu His lie 
Pro Gly Ser 

625 630 635 

640 

Pro Tyr Arg Val Val Val Pro 
645 

(2) INFORMATION FOR SEQ ID NO : 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 213 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

His Glu Gly Arg Gly Val Thr Gly Asn Pro Ala Glu Phe 
Val Val Asn 

15 10 

15 

Thr Ser Asn Ala Gly Ala Gly Ala Leu Ser Val Thr lie 
Asp Gly Pro 

20 25 

30 

Ser Lys Val Lys Met Asp Cys Gin Glu Cys Pro Glu Gly 
Tyr Arg Val 

35 40 45 
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(iii) HYPOTHETICAL : NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

His Glu Gly Arg Pro Thr Glu Pro Gly Asn Tyr lie lie 
Asn lie Lys 

10 1 5 10 

15 

Phe Ala Asp Gin His Val Pro Gly Ser Pro Phe Ser Val 
Lys Val Thr 

20 25 

30 



15 



20 



Gly Glu Gly Arg Val Lys Glu Ser lie Thr Arg Arg Arg 
Arg Ala Pro 

35 40 45 

Ser Val Ala Asn Val Gly Ser His Cys Asp Leu Ser Leu 
Lys lie Pro 

50 55 60 

Glu lie Ser lie Gin Asp Met Thr Ala Gin Val Thr Ser 
25 Pro Ser Gly 

65 70 75 

80 



Lys Thr His Glu Ala Glu lie Val Glu Gly Glu Asn His 
Thr Tyr Cys 

85 90 

95 

lie Arg Phe Val Pro Ala Glu Met Gly Thr His Thr Val 
Ser Val Lys 

100 105 

110 

Tyr Lys Gly Gin His Val Pro Gly Ser Pro Phe Gin Phe 
Thr Val Gly 

115 120 125 

Pro Leu Gly Glu Gly Gly Ala His Xaa Val Arg Ala Gly 
Gly Pro Gly 

130 135 140 

Leu Xaa Lys Ser Ser Trp Ser Ala Ser Arg lie Gin Tyr 
45 Leu Gly Pro 

145 150 155 

160 



30 



35 



40 



50 



Gly Lys Leu Val Leu Glu Ala Trp Pro Leu Leu Ser Xaa 
Ala Pro Ala 

165 170 

175 
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induction of apoptosis in a population of cells related to a pathological condition. 

1 4. An Nmi/Hou-like proteinaceous substance having at least a functional and/or specific part of the sequence of figure 
3 or being encoded by a functional and/or specific part of the sequence of figure 1 or figure 2 or being at least 60, 

5 preferably 70, preferably 80% homologous to at least a functional and/or specific part of the sequence of figure 3 

or being at least 60, preferably 70, preferably 80% homologous to a protein encoded by at least a functional and/or 
specific part of the sequence of figure 1 or figure 2. 

1 5. A recombinant or isolated proteinaceous substance comprising at least a functional part of a member of the family 
10 of Nmi/Hou-like proteins or at least a functional part of a member of the family of Hou-like proteins for use in the 

induction of apoptosis in a population of cells related to a pathological condition. 

16. An IFP35-like proteinaceous substance having at least a functional and/or specific part of the sequence of figure 6 
or 7 or being encoded by a functional and/or specific part of the sequence of figure 4 or figure 5 or being at least 

is 60, preferably 70, preferably 80% homologous to at least a functional and/or specific part of the sequence of figure 
6 or 7 or being at least 60, preferably 70, preferably 80% homologous to a protein encoded by at least a functional 
and/or specific part of the sequence of figure 4 or figure 5. 

17. A method for inducing apoptosis in cells comprising providing said cells with Nmi/Hou-like protein activity and/or 
20 I FP-35-like activity together with apoptin-like activity. 

18. Use of apoptin to find proteinaceous substances associated with apoptosis. 
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CGGAGTTACAAGAGGCTACCAAAGAATTCCAGATTAAAGAGGATATTCCTGAAACAAAGATGAAA 

TTCTTATCAGTTGAAACTCCTGANAATGACAGCCAGTTGTCAAATATCTCCTGTTCGTTTCAAGG 

TGAGCTCGAAAGTTCCTTATGAGATACAAAAAGGACAATGCACTTATCACCTTTGAAAAAGGAAG 

AAGTTGCTCAAAATGTGNGTAANGCATGAGTAAACATCATGTACAGATAATAAGATGTAAATCTG 

GAGGTTACGGCCAAAGCCAAGTTCCATTAATATTCAAGGAGTCANGATTCCAGNGTTTATGCTAG 

AANGTTTCTAAAAATGANAATCAATGGTTACTGGAAATTCCTGGACACATTGCGNTGAAAGATCA 

AGATGACGAAGACAAACTAAGAAGCTGAGCTTTTCAAAAGTCCCGAAANATGGAAGAGCGGTAGA 

GGGTGGNACCGCGTGNGANCTATGACAAGACAAGNCCGGGGAAGNTGCAGTCCATCACGTTTGTN 

NGAAGATTGGANGTNGGCTGACCAANGAATTTTGAAAAAGGAGANGAATTACCCCTCTTTANGAG 

TAANATCAAAACCCTGCCATAANAAGTTNACTGGTTTCNCCCATTACACAGNAN 

TTACANNTTGANCAANANTANNCAGGATAATTTNCAGGGGAANAATCTNAAGNATGGCAAGNTGA 

CTTCTGGACAANGGT 

Figure 2 

Hou cl7/#2 
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• 



AGCAGGTGCTGCAACAAAAGGAGCACACGATCAACATGGAGGAGTGCCGGCTGCGGGTGCAGGTC 
CAGCCCTTGGAGCTGCCCATGGTCACCACCATCCAGGTGTCCAGCCAGTT<5AGTGGCCGGAGGGT 
GTTGGTCACTGGATTTCCTGCCAGCCTCAGGCTGAGTGAGGAGGAGCTGCTGGACAANCTANAGA 
TCTTCTTTGGCAAGACTAGGAACGGAGGTGGCNATGTGGACNTTCGGGANCTACTGCCAGGGANT 
GTCATGCTGGGGTTTGCTAGGGATGGAGTGGCTCANCGTCTGTGCCAAATCGGCCATTTCACAGT 
GCCACTGGGTGGGCAGCANGTCCCTCTGAGAGTCTCTCCGTATGTGAATGGGGANATCCAGANGG 
CTGANATCAGGTCNCAGCCANTTCCCCGCTCGGTACTGGTGCTCAACATTCCTGATATCTTGGAT 
GGCCCGGAGCTGCATGACGTCCTGGANATCCACTTCCAGAANCCCACCCGCGGGGGCGGAGATGT 
AAGACGCCCTGACAGTCGTACCCCAAGGACAACAGGGCCTAACAGTCTTCACCTCCTGAATCAAG 
GCTANGGGCCTCCCCCTTCTCATCCTCCCCACCCCCCCCGCCAAAGGTTCTCAANACTGGGCCTG 
GGCTTTNTG 

Figure 4 



IFP35 cl4/#l 
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GGATCCACTGCCCTCTGCTTGCGGGCTCTGCTCTGATCACCTTTGATGACCCCAAAGTGGCTGAG 
CAGGTGCTGCAACAAAAGGAGCACACGATCAACATGGAGGAGTGCCGGCTGCGGGTGCAGGTCCA 
GCCCTTGGAGCTGCCCATGGTCACCACCATCCAGGTGATGGTGTCCAGCCANTTGAGTGGCCGGA 
GGGTGTTGGTCACTGGATTTCCTGCCAGCCTCAGGCTGANTGAGGAGGAGCTGCTGGACAAGCTA 
TGAGATCTTCTTTGGCAANACTANGAACGGANGTGGCGATGTGGACGTTCGGGAGCTACTGCCAG 
GGAGTGTCATGCTGGGGTTTGCTACGGATGGAGTGGCTCAGCGTCTGTGCCAAATCGGCCAGTTC 
ACAAGTGCCACTGGGTGGGCAGCAAGTCCCTCTGAGAGTCTCTCCGTATGTGANTGGNGAGATCA 
GAATGCTGANATTAAGTCGCATCCAATTCCTCGCTCNGGTACTGGTGCTCANNATCCTGANATCT 
TGGATTGGCCCCNGANTNCATGANATCTGGNAGATTCAATTNCANAAGTCCANCCNNCNGNGNCG 
GGAAGTANANGCCCGANANTTCNTNNCNTANGGNCAGCANNGCCTG 

Figure 6 
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